Purpose In view of a potential gain in anticancer activity in advanced colorectal cancer (ACRC), there has been considerable interest in using a higher than the approved standard dose of capecitabine (CCB) combined with oxaliplatin. This pharmacokinetic study was designed to evaluate whether CCB is metabolized at the same extent when administered as a monotherapy in two different dose regimens, comparing standard dose (CCB 1) and intensified dose (CCB 2). Patients and methods Seven patients suffering from ACRC received subsequently two CCB schedules: In the standard schedule, 1,250 mg/m 2 CCB p.o. twice daily for 2 weeks was administered, after a pause of 1 week, a doseintensified CCB 2 schedule was given: 1,750 mg/m 2 CCB p.o. twice daily for 1 week to be followed by 1 week rest. Due to this paired cross over design a direct comparison for each single patient was feasible. Results In both schedules, mean peak plasma concentrations of CCB occurred at about 50 min, those of metabolites shortly later (range 54-80 min). Peak plasma concentrations were about 10% (CCB, DFCR) and 40% (DFUR) higher in the CCB 2 regimen. According to the higher dose of CCB in the dose-intensified regimen (?40%), the AUC last values increased by 34% (CCB), 20% (DFCR) and 58% (DFUR), respectively. Conclusion The results indicate that higher doses of CCB are metabolized approximately dose-dependent compared to the standard dose. No indices for a saturation of metabolizing processes or any significant delay of elimination rate was observed. The immediate 5FU precursor DFUR was formed at a 50% higher extent (expressed as AUC last values) than in the standard CCB 1 schedule. From the pharmacokinetic point of view, this increased formation rate suggests clinical importance in regard to metabolic activation of CCB.
Introduction
The oral fluoropyrimidine carbamate capecitabine (CCB) is an equally effective and tolerable, but more convenient alternative to i.v. 5-fluorouracil (5-FU)/folinic acid. In fact, this compound has been designed to generate 5-FU preferentially within the tumor and to mimic continuous infusion of 5-FU [1, 2] , while having an easier handling [3] .
CCB is rapidly and extensively absorbed through the gastrointestinal wall as an intact molecule, and rapidly metabolized to 5-FU via a three-step enzymatic cascade [2, 4] . First, CCB is metabolized into 5 0 -deoxy-5-fluorocytidine (DFCR) by the human carboxyesterases isoenzyme 2 (hCES2), primarily in the liver. DFCR is converted to 5 0 -deoxy-5-fluorouridine (DFUR) by cytidine deaminase (CytDA) in tumor cells and in the liver. Finally, DFUR is metabolized into the cytotoxic 5-FU by thymidine phosphorylase (TP), which is significantly more active in the tumor tissue than in the adjacent healthy tissue [2] . CCB is given either as a single agent or in combination with irinotecan (XELIRI) or oxaliplatin (OxPt; XELOX), which (based on different mechanisms of action) has resulted in increased therapeutic efficacy without major toxic overlap [5, 6] .
The combination of CCB and OxPt in fact has demonstrated promising synergistic activity in ACRC. Various XELOX regimens using different dosages of CCB from 750 to 2,500 mg/m 2 have been applied. The most frequently used regimens are CCB 1,000 mg/m 2 p.o. twice daily for 14 days plus OxPt 130 mg/m 2 i.v. on day 1 every 3 weeks [7] or CCB 1,000 mg/m 2 p.o. twice daily for 14 days plus OxPt 70 mg/m 2 i.v. once every week [8] . A modified XELOX schedule using dose-intensified CCB (3,500 mg/m 2 for 1 week; so called XELOX 2 schedule) was first described by Scheithauer et al. [9] and is now being investigated in several clinical trials.
For OxPt and bevacizumab, no influence on the pharmacokinetics of CCB standard dose was documented [10, 11] . However, until today only preliminary pharmacokinetic data of CCB after dose intensification have been described [12] , and it remains unclear whether saturation processes of enzymes affect sequential biotransformation of CCB into DFUR after higher doses of CCB. In this article, we describe the pharmacokinetics and metabolism of CCB when given as a monotherapy at a standard dose of 2,500 mg/m 2 p.o. daily for 2 weeks (CCB 1) compared to an intensified dose of 3,500 mg/m 2 daily for 7 days (CCB 2).
Clinical study

Subjects
Seven patients (2 women, 5 men) who received palliative chemotherapy for ACRC entered this pharmacokinetic study. Their mean age was 67.8 years (range 57-77), mean body mass was 78.4 ± 17.2 kg (range 48-104) and mean body surface area was 1.9 ± 0.2 m 2 (range 1.41-2.25). Each patient provided written informed consent according the specifications of the local ethics committee.
Inclusion criteria were as follows: ECOG performance status 0-1; white blood cell count C 4,000/ll, ANC C 1,500; no renal impairment as judged by standard biochemical parameters (serum creatinine B 1.3 mg/dl); and adequate hepatic function i.e. bilirubin B 1.2 mg/dl, and SGOT, SGPT B 2.5-fold U/l (5-fold acceptable in case of liver mets, but not reached in this study). In terms of liver function, it has already been clarified that mild to moderate impairment caused by liver metastases do not significantly change the PK of CCB and its metabolites [13] .
Drugs
Capecitabine (Xeloda Ò ) was supplied from Hoffmann La Roche (Vienna, Austria) as film-coated tablets in two dose strengths: 150 and 500 mg, which were not to be split and had to be taken with water within 30 min after the ingestion of food. Compliance with the oral medication regimen was assessed in the hospital.
Pure chemical standard substances (CCB, DFCR, DFUR) were donated by Hoffmann La Roche (Basle, Switzerland) for calibration purposes of the analytical assay.
Chemotherapy schedule Table 1 displays the two different chemotherapeutic drug dose schedules, which were investigated consecutively in all patients. By this paired cross over design with intrapatient comparison each subject served for its own control.
Blood samples
Blood samples of 5 ml were drawn from the cubital vein at the following times: 0, 30, 60, 90, 120, 180 and 210 min after ingestion of the oral CCB morning dose. Samples were collected in sodium-heparinized vacutubes, and blood cells were separated by centrifuging at 2,500 rpm for 5 min. Of the supernatant, 2.0 ml was frozen at -80°C until analysis.
Sampling was performed in the first week following CCB 1 standard dose on day one and five. After crossing over to CCB 2 (dose-intensified schedule), sampling was repeated during the 4th week, again on day one and five. Since no cumulative effect from day 1 to 5 was observed, the respective data from the seven patients were summarized/analyzed together (N = 14).
Sample clean-up and analytics
Separation of analytes from matrix compounds was performed by a sensitive and selective solid phase extraction method using Oasis Ò HLB C18 cartridges (Waters Inc.). For quantification of CCB, DFCR and DFUR in plasma samples, we used reversed phase high performance liquid chromatography as previously reported [14, 15] . External calibration was performed by using pooled human plasma samples spiked with pure chemical standards.
Biometric calculations
Curve fitting of plasma concentration versus time date was performed by the pharmacokinetic software WinNonlin Professional 4.0 (Pharsight Corporation, CA 94041, USA) using the Nelder-Mead nonlinear iterative least square algorithm. For pharmacokinetic modeling of CCB and metabolites, a non-compartment model with extravascular input (model 3 of the WinNonlin library) was chosen. For calculation of AUC and AUMC, the linear trapezoidal rule was applied for the ascending part of the concentrationtime curve and the log-linear trapezoidal rule for the descending part of the concentration-time curve.
The following pharmacokinetic parameters had been calculated for CCB, 5 0 DFCR and 5 0 DFUR, (Vz and Cl tot were not calculated for CCB metabolites). 
Results
Mean plasma concentration time curves of all compounds are depicted in Fig. 1 : compared to CCB 1, mean plasma concentration of CCB and metabolites were distinctly higher in the CCB 2 dose-intensified regimen. Plasma profiles showed a great interpatient variability because CCB plasma concentrations time curves were abnormally high in two patients (2 and 3). Mean CCB peak concentration occurred between 30 and 60 min after ingestion of tablets in the CCB 1 schedule, indicating a rapid release from the tablet and fast resorption of CCB into the blood stream. After CCB 2, peak plasma concentrations CCB occurred shortly later at about 60 min. Compared to standard dose (CCB 1), t max was almost identical in the CCB 2 schedule: ?4% CCB, ?19% DFCR and ?6% DFUR.
Peak concentrations of CCB and DFCR occurred within 60 min after ingestion of tablets showing that DFCR was formed rapidly from CCB without any delay. DFUR concentrations in plasma were about two times higher than those of CCB while DFCR concentrations were very similar to those of CCB. In both regimens, peak concentrations of DFUR occurred about half an hour later; this can be explained by the cascade metabolism of CCB with DFCR as the intermediate metabolite which itself represents the precursor for DFUR formation. After having reached its maximum, plasma concentrations of all compounds declined slowly.
Insert C in the lower part of Fig. 1 shows the sum of plasma concentrations of CCB and metabolites: as can be seen from this concentration time curve for the CCB 2 schedule, the sum of plasma concentrations was nearly 50% higher than in the standard CCB 1 schedule. Mean factor obtained after dividing plasma concentrations high/low was 1.32 (range from 1.16 to 1.67) and this factor correlated closely with the dose factor of 1.40 (CCB 2 vs. CCB 1).
Mean logarithmic plasma concentration decay of the sum of CCB plus metabolites was strongly linear: see insert D in lower part of Fig. 1 . For both schedules, slope (k) and coefficient of regression line (R) were very similar: k = -0.095 for CCB 1 (R = 0.961, P = 0.0023) and k = -0.134 for CCB 2 (R = 0.969, P = 0.0015). Table 2 presents an overview for the non-compartment pharmacokinetic data of CCB, DFCR and DFUR obtained in both schedules.
Peak plasma concentrations of DFUR were significantly higher (?51%, P \ 0.05) in the dose-intensified CCB 2 schedule, while CCB and DFCR maximum concentrations only differed by 15% (CCB) and 10% (DFCR), respectively. In both schedules, c last values of all three compounds were very similar, indicating that distribution, metabolic and elimination processes have completed already after 3 h. The intensified CCB 2 dose obviously does not cause an inhibition of these ADME processes. The PK parameters t 1/2 kz and MRT of CCB were in the same order of magnitude in both regimens. Contrary to CCB, half-lives of DFCR and DFUR showed a great interpatient variability represented by high standard deviations of kz, t 1/2 kz and MRT.
AUC last and AUC inf values differed distinctly between the two CCB schedules: ?34% for CCB, ?20% for DFCR and ?58% for DFUR; the latter difference was statistically significant (P \ 0.05). These changes in AUC last values correlated very close to the percent changes in c max values with a coefficient of correlation R = 0.966. Percent distribution of AUCs last in CCB 1 (2) was 28 (26):29 (25):43 (49) percent, a similar proportion in both regimens.
Contrary to pharmacokinetic data, the apparent formation rates of DFCR and DFUR were close together (see Fig. 2 ), only a single patient had been identified as a statistic outlier by Grubbs test. Any increase in these R values indicates a higher apparent formation rate of metabolites. So after high dose of CCB, more DFCR and DFUR are generated enzymatically by hCES and CytDA.
Discussion
The aim of this pharmacokinetic study was to determine the plasma disposition and PK parameters of CCB and its metabolites using the approved standard single dose of 2,500 mg/m 2 /day (CCB 1) compared to a dose-intensified schedule of 3,500 mg/m 2 /day (CCB 2). Such dose intensification in combination with oxaliplatin was first described in the clinical setting by Scheithauer et al. [16] in a randomized phase II trial in ACRC, which was based on preclinical data in human tumor xenografts. In this study, the-so called-XELOX 2 regimen was defined as bimonthly oxaliplatin 85 mg/m 2 combined with CCB 1,750 mg/m 2 bid for 7 days repeated every 2 weeks. A superior outcome with higher response rates and longer progression-free survival compared to standard XELOX was described. Meanwhile, this modified XELOX schedule with CCB dose intensification has been/continues to be investigated in several clinical trials: Gruenberger et al. [17] used the XELOX 2 schedule combined with bevacizumab in a phase II trial of ACRC patients with potentially resectable liver metastases as neoadjuvant treatment. In the first US trial using a higher CCB dose (3,000 mg/m 2 for 1 week) combined with oxaliplatin and bevacizumab, this (A-ICOX) regimen was found to be fairly good tolerated, and a phase III trial comparing this schedule and standard XELOX was initiated [18] . Recently, Kornek et al. [19] presented preliminary data of a randomized phase II trial combining XELOX 2 and bevacizumab every 2 weeks in ACRC until progression (PD) versus its use for a limited treatment duration followed by reinduction upon PD. These examples of clinical trials underline the need for testing the PK of CCB and its metabolites at a dose which is about 40% higher than the approved single dose of CCB.
In our study, c max of CCB occurred earlier than described in the investigators brochure (this brochure reports t max values in the range of 2 h): 0.49 h for CCB 1 and merely identical 0.51 h for CCB 2. The higher dose obviously does not delay the absorption rate of CCB into the blood stream. However, the differences in t max compared to the investigators data remain unclear, probably there are galenic factors leading to a modified release of the drug.
As with other cytotoxic drugs, the inter-patient variability of the pharmacokinetic parameters of CCB and metabolites in this study was high. Coefficients of variance ranged from 36 to 142% for plasma concentrations and are likely to be related to the variable expression of enzymes responsible for CCB biotransformation.
CytDA has high activity in hepatocytes; therefore, large amounts of DFUR can be measured in plasma after the first liver passage of CCB. Due to this high enzymatic activity, the higher dose of CCB in the dose-intensified CCB 2 schedule leads to the corresponding large amounts of the metabolite in the blood. CES in contrary has much lower enzymatic activity; therefore, a smaller increase in the plasma concentration of DFCR has been observed in the CCB 2 regimen in our study.
In our study, the apparent formation rate of DFUR did not show a high variation of CytDA activity. But recently an over-expression of 180% of CytDA activity compared to general population values has been reported [20] . Such a high enzymatic activity may lead to unexpected and severe toxicities. Therefore, it could be of clinical importance not only to evaluate phenotyping of TP but also of CytDA in order to improve safety of Xeloda regimens. The pharmacokinetics of CCB and its metabolites have been evaluated extensively in patients [21] [22] [23] [24] , but from 500 to 2,500 mg/m 2 /day only. Over this range, the pharmacokinetics of CCB and its metabolite, 5 0 -DFCR, was dose proportional and did not change over time. The increases in the AUCs of 5'-DFUR and 5-FU, however, were greater than proportional to the increase in dose, and the AUC of 5-FU was 34% higher on day 14 than on day 1. CCB reached peak blood levels in about 1.5 h (t max ) with peak DFUR levels occurring slightly later, at 2 h. In this study, no difference between standard CCB 1 and the doseintensified CCB 2 schedule concerning the fate of CCB and its metabolites in the body was found.
Assuming the AUC's of CCB ? DFCR ? DFUR as 100%, the percentage of the respective AUC ''CCB 2'' versus ''CCB 1'' was nearly identical for CCB 26 versus 27%, for DFCR 26 versus 29%, for DFUR 48 versus 44%.
The same effect could be demonstrated for each of 7 concentration time points. Therefore, from the pharmacokinetic point of view, dose escalation of CCB seems feasible as no significant change of its metabolic conversion could be documented. Safety and efficacy of XELOX 2 using a dose intensification of CCB is currently investigated in several clinical trials.
